Background-Controversy exists about the impact of prophylactic antibiotics on bacteremia after invasive dental procedures. The purpose of this double-blind, randomized, placebo-controlled study was to determine the impact of amoxicillin prophylaxis on the incidence, nature, and duration of bacteremia from nasotracheal intubation and dental procedures in children. Methods and Results-Children were randomly assigned before surgery to the American Heart Association (AHA)recommended dose of amoxicillin or to a placebo. Aerobic and anaerobic blood cultures were drawn at 8 specific time points after intubation, dental restorative and cleaning procedures, and before, during, and after dental extraction(s), to include blood drawings up to 45 minutes after the last extraction. Aerobic and anaerobic blood culture results were used to determine the incidence, nature, and duration of bacteremia from these procedures. For the 100 children enrolled (mean age, 3.5 years), the overall incidence of positive blood cultures, defined as at least 1 positive culture of the 8, was significantly higher in the placebo (84%) than the amoxicillin group (33%) (PϽ0.0001). Bacteremia occurrence rates after intubation and after dental restorations and cleaning were 18% and 20% in the placebo group and 4% and 6% in the amoxicillin group (Pϭ0.05 and Pϭ0.07, respectively). At 1.5 minutes after the initiation of dental extractions, bacteremia occurred in 76% of the placebo group versus 15% of the amoxicillin group (PϽ0.001). The majority of the 152 positive cultures and of the 29 different bacteria identified were Gram-positive cocci. Bacteremia persisted longer in the placebo group. Conclusions-Bacteremia from these procedures occurs more often, from a wider variety of bacterial species, and for a longer duration after dental extractions than previously reported in any age group. Amoxicillin has a significant impact on the incidence, nature, and duration of bacteremia after nasal intubation, dental restorative and cleaning procedures, and dental extractions.
T here are important and unresolved questions about the risks for and prevention of distant site infection (DSI) from oral pathogens. Invasive dental procedures have often been reported to cause infective endocarditis (IE) and a variety of other DSI, but such clinical events are rare in contrast to the high frequency of bacteremia from routinely occurring activities (eg, tooth brushing). Although upward of 50% of cases of community-acquired IE might result from oral bacteria, the causal role of dental office procedures and the utility of antibiotic prophylaxis are controversies that go back several decades. Thayer 1 suggested in 1926 that poor oral hygiene was the most important factor for the incidence of IE, but most reports since then have focused instead on risks associated with invasive dental procedures. [2] [3] [4] [5] There is no definitive science about the impact of antibiotics on the incidence of DSI, and the standard of care of providing antibiotic prophylaxis before invasive procedures might be more for medicolegal rather than scientific reasons. 6, 7 Attempts have been made over the past 4 decades to describe the incidence and nature (species) of bacteremia from invasive dental procedures, but variations in study design, size, and outcomes create controversy as to the clinical significance of these data. A wide range of bacteremia incidence and a wide variety of bacteria have been reported on blood cultures after different dental procedures, and bacteremia probably occurs from any manipulation of the gingival tissues. 8 The literature suggests that the incidence, nature, and duration (IND) of bacteremia are influenced most by the invasiveness of a procedure and that extractions are the most likely of dental procedures to cause bacteremia, with incidence figures in all age groups ranging from 10% to 100%. 9 Of interest is that routinely occurring bacteremia has an incidence of 15% to 86% after common activities such as tooth brushing, flossing, and chewing food. 8 Early work in this field suggests that oral bacteremia is uncommon in children, even after dental procedures, 10 but the incidence ranges as high as 65% in children undergoing extraction of teeth under general anesthesia. 4, 11, 12 Our review of the literature identified 38 different oral bacteria reported in blood cultures after various dental procedures in children.
Although the duration of bacteremia after dental procedures may have a role in the risk of development of a DSI, there are no published studies large enough to define duration, with or without antibiotic prophylaxis. The literature suggests that the retrieval of organisms drops off sharply between 10 and 30 minutes after invasive dental procedures. 2 Although several studies address the impact of antibiotic prophylaxis on the IND of bacteremia after different dental procedures, the results are conflicting. [13] [14] [15] There are no data from large studies on duration of bacteremia from specific organisms or the impact of amoxicillin on individual species.
The major objective of this prospective, double-blind, randomized, placebo-controlled study was to determine the IND of bacteremia from dental procedures in children and the impact of the American Heart Association (AHA)-recommended dosing for amoxicillin on these surrogate measures of risk for DSI.
Methods
Children enrolled required dental treatment in the operating room setting because of behavior, young age, and/or the scope of treatment needs. Exclusion criteria included poorly controlled systemic illness, American Society of Anesthesiologists Classification of Physical Status level III or IV, 16 medical conditions requiring antibiotic prophylaxis, allergy to penicillin-type drugs, weight Ͻ12 kg, and exposure to systemic antibiotics within the past 2 weeks. After establishing patient eligibility, the study was described to the parent or guardian, who signed an institutional review board-approved consent form.
Routine preoperative history and physical examination, anesthesia consultation, and laboratory tests were completed on all subjects. A computer-generated random number scheme was used by our pharmacy to assign identically appearing syringes containing placebo or study drug. All investigators were blinded as to the assigned treatment. One hour before the anticipated time of intubation, children were given amoxicillin elixir (50 mg/kg) or placebo, and the time and volume ingested were recorded ( Table 1) . Subjects were sedated with midazolam and brought to the operating room, where a mask induction was performed and an IV line was placed for anesthetic purposes (Figure 1 ). For blood culture collections, a large-bore (18 to 22 g) angiocath needle was placed in a second puncture site in the antecubital fossa or dorsum of the hand, after scrubbing the site in the usual manner with alcohol, followed by povidone-iodine. The first 6-mL blood draw occurred 2 minutes after the initiation of intubation. After intubation and placement of a throat pack, dental radiographs were taken and a thorough oral examination was conducted, to include several standard measures for severity of dental disease. Dental restorations, pulp therapy, and cleaning were then completed, and a second 6-mL blood sample was drawn. Ten minutes later, a third 6-mL of blood was drawn for a baseline culture before dental extraction(s). A stopwatch was started and a straight elevator was used for 5 to 10 seconds, followed by forceps extraction of a tooth in the usual manner. Ninety seconds after the initiation of the first extraction, a fourth blood draw of 6 mL was taken. The remaining teeth indicated for extraction were then removed, and the fifth blood draw occurred at 90 seconds after the final extraction. Additional 6-mL blood drawings were taken at 15, 30, and 45 minutes after the end of extraction(s). The angiocath needle and line were flushed with 3 mL of saline after each blood draw, and 2 mL of blood was drawn and discarded just before each draw.
Microbial Analysis
Each blood sample was immediately divided into 2-mL BACTEC pediatric aerobic (Peds Plus) and 4-mL BACTEC adult anaerobic bottles, on recommendation from the manufacturer (Becton Dickinson). After the eighth blood sample was drawn, the 16 aerobic and anaerobic bottles were transported immediately to the microbiology laboratory for incubation and processing according to standard methods. 17 Cultures with bacterial growth were Gram stained and subcultured onto appropriate media. Blood cultures were continuously monitored for growth with the use of an automated Microscan (Baxter) system, and standard biochemical tests were done manually to complete the identity. Blood cultures were incubated for up to 14 days before being considered "no growth" to avoid missing more slow-growing oral pathogens.
Outcome Measures
We analyzed the incidence and nature of bacteremia from intubation, dental restorative and cleaning procedures, and dental extractions, as well as the duration of bacteremia after dental extractions (ie, draws 4 to 8) in the treatment and placebo groups.
Incidence
Overall incidence of bacteremia was defined as the occurrence of a positive culture at any of the 8 blood draws. Separate incidence measures were determined for each blood draw as well. A preextraction baseline blood draw (No. 3) was taken, recognizing that there might be residual bacteremia 10 minutes after the dental restorative and cleaning procedures. 
Nature
We categorized all bacteria isolated by BACTEC. Only bacteria considered as likely or possibly from the oral cavity were included in the analysis of draws 2 to 8. The following bacteria were considered as unlikely or rarely from the oral cavity: Staphylococcus coagulase negative, Streptococcus bovis, Streptococcus group D, Enterococcus, Micrococcus, Aeromonas species, Aerococcus, and Moraxella species. 18, 19 All bacteria were considered in the analysis of the intubation blood draw (No. 1) because the skin and nasopharynx are more likely to harbor the bacteria listed above.
Duration
We determined the time (in minutes) that oral bacteria were identified after completion of dental extraction(s). Duration of bacteremia was calculated only for subjects with a positive culture at draw 4 and/or draw 5, which were combined and defined as an extraction incidence (EI) draw. For those with a positive EI draw, the time difference from the end of extractions to the last positive draw (ie, draws 6, 7, or 8) represents the duration of bacteremia. Negative cultures between positive cultures were considered spurious false-negatives.
Data Analysis
Descriptive statistics, including means and standard deviations or counts and percentages were calculated. For continuous data, a Student's t test or a Wilcoxon rank-sum test was used. A 2 or Fisher's exact test was used for nominal data. A logistic regression analysis was used to adjust for possible demographic and baseline differences, with the dependent variable a positive culture on blood draws 4 to 8. SAS software (SAS Institute, Inc) was used for all analyses. A probability value of Ͻ0.05 was considered statistically significant.
The sample size was based on the proportion of subjects who had development of a bacteremia. To detect a difference of 30% in bacteremia incidence between treatment groups (ie, 85% in the placebo versus 55% in the control group), with a power of 80% and an ␣ of 0.05, we projected that 100 subjects would be necessary to allow for possible study dropouts.
Results

Study Population
One hundred children between the ages of 1 and 8 years were enrolled in this study between March 1994 and June 2000. Of these, 51 were randomly assigned to placebo versus 49 to amoxicillin. On examination in the operating room, 12 subjects did not require dental extraction(s), and they were excluded from the analysis of draws 4 to 8. Three subjects did not have restorative procedures done, and draws 2 and 3 were not analyzed. There was no statistically significant difference in the baseline characteristics for all subjects, stratified by treatment group (Table 1) .
Incidence
The overall incidence of positive cultures from all 8 draws was greater in the placebo group (nϭ43, 84%) than the amoxicillin group (nϭ16, 33%) (PϽ0.0001). The highest incidence of positive cultures at a single time point occurred 1.5 minutes (draw No. 5) after completion of tooth extraction(s) in the placebo group (nϭ34, 76%) versus the amoxicillin group (nϭ6, 15%) (PϽ0.0001) ( Figure 2 ). The incidence of bacteremia after intubation (draw No. 1) and restorative and cleaning procedures (draw No. 2) was 18% and 20% in the placebo groups and 4% and 6% in the amoxicillin groups (Pϭ0.05 and 0.07, respectively). Subjects in the placebo group had a bacteremia incidence of 18% (nϭ7) at 15 minutes, 16% (nϭ6) at 30 minutes, and 14% (n ϭ5) at 45 minutes. By contrast, only 1 subject in the amoxicillin group had bacteremia at 15 minutes after extraction(s). There was a statistically significant decrease in the incidence of bacteremia from amoxicillin at all but one (draw No. 2) of the blood draws: D1 (Pϭ0.05); D3 (Pϭ0.03); D4 (Pϭ0.0001); D5 (Pϭ0.0001); D6 (Pϭ0.04); D7 (Pϭ0.01); and D8 (Pϭ0.03). The logistic regression analysis suggests that the incidence of bacteremia associated with extraction (EI) draws increases with the age of the subject (Pϭ0.025) and number of teeth extracted (Pϭ0.002) and that the use of amoxicillin significantly reduced the incidence of bacteremia (PϽ0.0001). No subject had a positive culture at draws 6, 7, or 8 who did not have a positive EI blood draw.
For the intubation draw, a logistic regression analysis demonstrated that amoxicillin significantly reduced the incidence of bacteremia (Pϭ0.03), and the following factors were not associated with an increased incidence of bactere- mia: number of attempted IV needle sticks, complications with nasal intubation (yes, no), time period from antibiotic to intubation or to draw 2, total time period for intubation (mean, 1.96 minutes; range, 1 to 10), or difference in total time from intubation to draw 1.
Nature
Of the total of 152 positive cultures in both groups, there were 29 different oral bacteria cultured, although there were multiple reports of a bacteria genus that was not further speciated (Table 2) . Overall, Gram-positive cocci were the most frequent group of bacteria identified (nϭ85, 56%), accounting for 56% (nϭ72) and 54% (nϭ13) of bacteria isolated by BACTEC in the placebo and amoxicillin groups, respectively. Gram-positive bacilli (rods) were the next most common group (nϭ45) of bacteria isolated, followed by Gram-negative bacilli (rods) (nϭ12) and Gram-negative cocci (nϭ10).
There was a Ͼ5-fold difference in the number of positive blood cultures recovered from the placebo (nϭ128) versus the amoxicillin (nϭ24) groups. Viridans streptococci made up 45% (nϭ57) of the total bacteria cultured in the placebo group versus 33% (nϭ8) of the amoxicillin group. On one occasion, a type of bacteria (S sanguis) from draws 4 to 8 was reported in an earlier draw (draw 2) from the same subject. Twelve subjects had a positive EI blood culture at draw 4 and/or 5, with a variety of bacteria in draws 6 to 8 (Table 3) .
Duration
There was a consistent effect of amoxicillin on the incidence of bacteremia at each blood draw and therefore on the duration of bacteremia (Figure 3 ). Twelve subjects (27%) in the placebo group had a positive EI draw with at least 1 positive successive blood draw and were therefore evaluable for duration, versus 1 subject (2%) in the antibiotic group. In the placebo group, 12 subjects (27%) had a bacteremia at 15 minutes (draw 6), and 5 (11%) were still bacteremic at 45 minutes (draw 8).
Discussion
This study provides the first comprehensive data on the impact of the AHA guidelines for amoxicillin on the incidence, nature, and duration of bacteremia after nasal intubation, dental restorations and cleaning, and dental extractions in children. Our finding of an 84% overall incidence from dental extraction(s) in the placebo group is the highest reported in a large, controlled study of children, although this is lower than what we reported for adults (94%). 9 This is consistent with our finding of a higher incidence of bacteremia in older children, which probably reflects the larger number of teeth and volume and species of bacterial flora as well as the increased prevalence and severity of periodontal disease with age. The nature and variety of the bacteria in the present study overlaps what others have reported after dental extractions in children. However, we found 15 additional oral bacteria not previously reported, representing a 40% increase in the number of different bacteria reported in this setting ( Table 2) . At least 7 of these 15 bacteria are reported to cause IE. The duration of bacteremia probably reflects the nature and volume of organisms that enter the circulation as well as multiple other host factors (eg, immunity), but it is not clear what role duration has on the risk for bacterial seeding of distant sites. Berry et al 20 reported a 14% incidence of bacteremia in children in the recovery room 15 to 20 minutes after dental extractions under general anesthesia, compared with our finding of 27% at 15 minutes. The present study provides the only human data to use modern culturing methodology that addresses duration of bacteremia beyond 30 minutes. Clearly, amoxicillin had a significant impact on duration, virtually eliminating bacteremia well within 30 minutes.
Our finding of an 18% incidence of bacteremia after nasal intubation was the highest we could find in a pediatric population. Some authors have reported negative cultures after nasal intubation, 21, 22 and others have found a varying incidence (5.5% to 17%) from nasotracheal intubation in all age groups. 23, 24 The current AHA guidelines do not address the issue of intubation and risk for IE.
There is ongoing debate about the efficacy, health risks, and cost-effectiveness of the routine use of prophylactic antibiotics for dental procedures. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Of the many species of oral bacteria that can enter the circulation, only a small number are reported to cause DSI. 37 Because some of these pathogens also colonize the skin and the upper and lower aerodigestive tracts, it is speculative as to the origin of a given case of DSI. A single antibiotic cannot be expected to cover all oral pathogens, and the degree to which aminopenicillins cover anaerobes as well as aerobes is of concern. 38 The use of amoxicillin in the present study reduced the incidence of bacteremia by pathogens reported to cause DSI, but both known pathogens and relative nonpathogens were recovered in the amoxicillin group (Table 2) . A legitimate concern in studies that evaluate antibiotic efficacy and that use a cultivable methodology such as BACTEC is the issue of the continued elimination of bacteria by the antibiotic after the blood is transferred to the BACTEC bottle. However, BACTEC growth media contain resins that enhance microbial recovery in subjects receiving antimicrobial therapy. 17, 39 Other investigators report a varying impact of antibiotics at various times after dental procedures. [13] [14] [15] Given the significant impact of amoxicillin on the incidence and duration of bacteremia in our study, it is tempting to assume that antibiotic prophylaxis is effective and desirable. However, amoxicillin does not prevent oral pathogens from entering the systemic circulation, and epidemiological evidence does not suggest that dental procedures are a source of IE. 7 Clearly, bacterial pathogens from the oral cavity do cause some cases of IE, but dental procedures are relatively rare events by comparison with routinely occurring bacteremia (eg, tooth brushing). There are no prospective, randomized clinical trials of patients thought to be at risk for DSI with IE as an end point because of ethical, logistic, and cost issues. We must therefore rely on the extrapolation of data from prospective studies of surrogate measures, such as IND of bacteremia from routinely occurring activities versus dental procedurerelated sources.
